oxygen debt during exertion. The development of an oxygen debt is characteristic of congestive failure. '8' 19 It was therefore thought that accurate measurement of the oxygen debt after exercise might provide an appropriate means of evaluating the effects of cardiac glycosides on the adequacy of circulatory function.
Description of Patients
The three patients chosen as the subjects for this study all had inactive rheumatic valvular disease, cardiomegaly, and a history of cardiac decompensation some months or years previously, but had none of the clinical signs of congestive heart failure at the time of study. These three patients were selected because they were capable of performing light physical activities without cardiac symptoms in the absence of digitalis therapy. They did not complain of orthopnea or paroxysmal nocturnal dyspnea. Detailed and repeated physical -examinations during the course of the investigation failed to disclose rales at the lung bases at rest or during exercise; the patients were free from edema, had normal levels of systemic venous pressure, and did not have clinical evidence of hepatic enlargement. C.A. (no. 02-57-64) is a 54-year-old man with rheumatic mitral regurgitation and stenosis. Easy fatigability, exertional dyspnea, and peripheral edema had developed 5 years prior to study and he had been maintained on digitalis, a diuretic regimen, and a low-sodium diet for several years. Physical examination indicated the presence of rheumatic mitral regurgitation and stenosis. The electrocardiogram showed atrial fibrillation, left axis deviation, and left bundle-branch block. Chest x-ray and fluoroscopy revealed enlargement of the left atrium and left ventricle. The patient was maintained on a diet containing 1 Gm. of sodium daily and he received 1 Gm. of chlorothiazide daily throughout the study. He was studied on 10 occasions on nine separate days during three periods ( fig. 1 the specific days on which the exercise studies were carried out. On several of these datys more than one oxygen debt after exercise was measured (table 1) .
The exercise studies were carried out on a motordriven treadmill at speeds of 2.1 to 2.5 miles per hour and at grades of 0 to 7.5 per cent. All patients had undergone extensive training on the treadmill several times weekly for 4 to 6 weeks prior to the study. Thus, they were thoroughly familiar with the procedure so that alterations in their performnance during the period of investigation could not be attributed to further training during the study. The specific conditions under which each patient was studied are presented in detail in _. . During the first period of study, while patient C.A. was receiving digoxin, the oxygen debts following two 10-minute walks were 496 ml. and 433 ml., respectively. During these two studies the oxygen debts averaged 12 per cent of the total excess Vo2 resulting from exercise. During the second period, while receiving the placebo, the resting vTo tended to be higher than during the prior period when on digoxin. The oxygen debts rose to 768 ml., 733 ml., and 718 ml., representing, on the average, 22.3 per cent of the total excess Vo2 resulting from exercise. When digoxin was reinstituted, resting VO2 fell and the oxygen debts fell to 413 ml., 594 ml., and 698 ml., with the oxygen debts averaging 16.3 per cent of the total excess Vo2 resulting from exercise. In addition, the oxygen debt following a shorter (7 min . 40 see.) walk equaled 1,009 ml. when the patient was not receiving digoxin, and declined to 661 ml. after the glycoside was reinstituted. Control subject no. 1 developed oxygen debts of 427 and 336 ml. respectively during two 10-minute walks and completion of exercise represents the summation of instantaneous oxygen deficits accumulated during the entire exercise period. Measurement of this variable is a sensitive technic for assessing the adequacy of the circulatory system, especially when au individual can be employed as his own control. If the delivery of oxygen is only slightly impaired by an inability of the cardiac output to rise adequately during exercise, the circulatory deficit may be difficult or impossible to detect by the measurement of cardiac output alone, but a measurable oxygen debt may accumulate. For example, an increase from 300 to 600 ml. of the oxygen debt incurred during two 10-minute periods of identical exercise represents a rise of 100 per cent and nmay easily be detected by the methods employed in this study. If it is assumed that the cardiac output is constant during the entire exercise period, the higher oxygen debt would be associated with an oxygen delivery which is only 30 ml. per minute lower during the study in which the oxygen debt was greater. If iinute walks respectively, whleni she was niot receiviniog digoxin.
The accumnulationi of a smiialler oxygen debt following exercise while these subjects were receiving digoxin indicates that the functional status of their circulatory system was improved by the drug. It would appear that digitalis administration is beneflcial to at least some patients who have cardiac disease and enlarged hearts and some decrease in cardiae reserve without signs or symptoms of heart failure.
